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mξ¨ + aξ˙ + k(ξ − ξe) = Fside + Fbot. ❑
Ý
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+ + c ∂zp




− − c ∂zp





































pjet(t) = p(0, t) = p
+


















p(z = L, t) =















p−0 (t) = λ p
+
0 (t− τ), ❑
Ý
❫❭▲
τ = 2L/c, ❑
ÝP❵
▲



























ZL ≪ Zc ❑
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x = [x1, x2, x3]
T ✦
✼❀❺✣✿➟✷✽❇✲✖✲✚✜✼


















y(t) = p(L, t)







































































Θ = [α±, ω±, β±0 , β
±


















































































































D(t) = 1 + µ
p+(t)− λp+(t− τ)(
ξ(t)
)2 , ❑ ❾✙❢ ▲
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p˙+(t)






































✂☎✄✝✆✟✞✡✠☞☛✌☞ ⑨ ❦●❩❼◗❚❙❢◗❚❡♠◗♠❨✻t➔❫✦❦➾❙♣❤▼◗❚❡♠◗✇❦●❙ ❦ ✔
(pm, p
+, ξ)
❱❊❨✻❡♠◗✺❱ ✔❬➦➾◗❚❙✘➞ ✑➇⑤✎✍ ✓❘❨▼❡
t = 0
q⑩❡❚❴❢❯➠❡♠❩✾❨ ✢⑥❯✦❫❞❡✏❦●❩❬➦ ❦ ✔
✑ ✏
s
















q✢❡ ❴❢❯ ❧❖❯✦❴✜❨✻✉➤◗✇❦●❩ ❦ ✔
p+
◗✺❱✗❱❞♦♣❫✦❴➁❡ ❴✜❨✻❡❚q ✔❬❩✦❦✏✎ ✑➇⑤✎✍ ✓➤q
p+(t) =
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x(t), x(t−τ), x˙(t−τ), w(t)
)
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(X,Y, Z,W ) ∈ R3 × R× R× R2
✦
F1(X,Y, Z,W ) = [0, 1, 0]X, ❑
✺✧❫✧▲











F3(X,Y, Z,W ) =











X1 + ξe>0, ❑
✺✧❡✧▲
F3(X,Y, Z,W ) = λZ,
✷✮✘
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A(X,Y, Z,W ) =
∂F
∂X
(X,Y, Z,W ) + Λ1 C, ❑
✼
❍✙▲
B(X,Y, Z,W ) =
∂F
∂Y
(X,Y, Z,W ) + Λ2 [C]3, ❑
✼
❫❭▲
H(X,Y, Z,W ) =
∂F
∂Z
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t➐❨✻➦➾◗❚❙✘➞➠❡ ❴❢❯ ✎➟♦✒❱❞◗✇❫✸❨✻t ◗❚❙✜❱❞❡♠❩❬♦ ✎➡❯❞❙❢❡❛◗❚❙❂❨➠❱❬❡➇❨✻❙❪❤✒❨✻❩✾❤ ✗ ❨✻➦✮✑✏❧❊t✺❦✏✗✔◗❚❙✘➞
❱❞◗❚❡♠♦✣❨✻❡♠◗✇❦●❙✜q
pm > 0
✓➠◗❚❙❢✉✻❦●t ✉✻❯✦❱ ❡❚❴✜❨✻❡✴❡ ❴❢❯ t ◗
➎




(κm, κa, κk) = (1, 4, 3)





❱❞➦➤❱❞❡✏❯✩✎ t✺❯❀❨✻✉✻❯ ❨✆☎✇❫❞t✺❦➤❱➤❯✸❤❼t ◗
➎






✎✓✁ ✆ ✮✏✤✁  ✔✯★✪✤ ★✫✪ ✪✜✮ ✎ ✎ ★ ✦



















































W = w(t− τ/2)
➉
✟ ✄ ✆✟✆✟✞ ☞ ❭✚❴❢❯✜✎③❨✻❡♠❩❬◗ ⑧









X3 − λY ≥ 0
✦
✼✸❺✣✿❊❇
















H(X,Y, Z,W ) =
[















G(X,Y, Z) = (X1 + ξe)
2/
(
µ(X3 − λY )
)
✷✮✘
X1 + ξe > 0 ❑
➣✸✿❖✿✁ ✝✿❖→➡❉✻✶✭❨ ✺❭▲⑦❉✻❇✜❁








|1 − G(X,Y, Z)|/|1 + G(X,Y, Z)| ≤ 1
✷✮✘➟❉➾❇✣❁✑■▼❇✣◆✮✔ ✷✮✘
G(X,Y, Z) ≥ 0
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Λ1 = [λ11, λ12, λ13]
T ✦
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q➸❱❞♦❢❫✦❴➒❡❚❴✜❨✻❡✡✔⑥❦➾❩ ❯❞✉✻❯❞❩❬➦ ❱➤❦●t ♦☞❡♠◗✇❦●❙⑦❦ ✔
❯✸♥❊♦✜❨✻❡❣◗✇❦●❙ ✑
➍✒➍

































































































































































































Hˆ23 (t)) ≥ e





τ ∈ [0, 2L/c]
✦
➣✾■➀✼❀❺❢❉●✼❝❱
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χ ≈ α ❑
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ω+ −Aside sin θ(1+κm)m
Aside sin θ
(1+κm)m
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✔ ❄➾➽✘➫✪✏✗✍✢▲①✍ ➲✒➯❬➫✝✛❁✍ ➼✎✍ ➭✗✍➐➫✝✛❨✮✲✤⑥➼☎➲☞✍ ➭✗✍✑✤⑥➼✬✏
xˆ(0) = [1e − 3, 1e − 1, y(0)1+λ ]
T
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xˆ(0) = [1e − 3, 1e − 1, y(0)1+λ ]
T
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xˆ(0) =



































































































χ = 2× 160s−1
✯
✺
Ý
